Summary
Background Staphylococcal scalded skin syndrome (SSSS) is a blistering dermatosis caused by exfoliative toxins released from Staphylococcus aureus. Objectives To describe the incidence, costs, length of stay (LOS), comorbidities and mortality of SSSS in U.S. children. Methods The Nationwide Inpatient Sample 2008-2012 was analysed, including a 20% sample of U.S. hospitalizations and 589 cases of SSSS. Results The mean annual incidence of SSSS was 7Á67 (range 1Á83-11Á88) per million U.S. children, with 45Á1 cases per million U.S. infants age < 2 years. In multivariable logistic regression models, SSSS was significantly associated with the following (shown as adjusted odds ratio and 95% confidence interval): female sex (1Á12, 1Á00-1Á25), age (2-5 years: 13Á31, 11Á82-14Á99; 6-10 years: 2Á93, 2Á35-3Á66; 11-17 years: 0Á44, 0Á31-0Á63); race/ethnicity (black: 0Á69, 0Á58-0Á84) and season (winter: 2Á04, 1Á66-2Á50; summer: 3Á47, 2Á86-4Á22; autumn: 3Á04, 2Á49-3Á70), with increasing odds over time (2010-2011: 2Á28, 2Á07-2Á51; 2012: 2Á98, 2Á69-3Á30). The geometric mean (95% confidence interval) LOS and cost of hospitalization for patients with vs. without SSSS were 3Á2 (3Á0-3Á4) vs. 2Á4 (2Á4-2Á5) days and $4624Á0 ($4250-$5030) vs. $1872 ($1782Á7-$1965). Crude inpatient mortality rates (with 95% confidence intervals) were similar for children with vs. without SSSS (0Á33%, 0Á00-0Á79% vs. 0Á36%, 0Á34-0Á39%). SSSS was associated with other infections, including in the upper respiratory tract and skin. Conclusions The prevalence of SSSS appears to be increasing over time, and was associated with a number of sociodemographic factors and other infections. Further studies are needed to confirm these findings and reduce rising rates of SSSS.
What's already known about this topic?
• Staphylococcal scalded skin syndrome is a rare but potentially life-threatening infection in childhood.
What does this study add?
• Paediatric staphylococcal scalded skin syndrome is associated with prolonged hospitalization, increased costs of care, multiple infectious comorbidities, rising incidence and significant racial/ethnic disparities in the U.S.A.
Staphylococcal scalded skin syndrome (SSSS) is a potentially life-threatening disorder characterized by erythema and superficial blistering of the skin.
1,2 SSSS is a toxin-mediated syndrome that occurs secondary to exfoliative toxins A and B released by Staphylococcus aureus. 3, 4 Little is known about the epidemiology of SSSS. Epidemiological studies of SSSS in France and Germany found the incidence to be between 0Á09 and 0Á56 per million persons. 5, 6 However, the incidence of SSSS in the U.S.A. remains unknown. Older studies found high mortality rates for SSSS in children (3Á6-11%). 7, 8 Since then, there have been major advances in the antibiotic management of staphylococcal infections, yet few large-scale studies have recently examined mortality rates from SSSS in children. Certain risk factors for SSSS are well established, such as insufficient infection control practices in nursing homes and hospitals, impaired renal clearance, 9 and poor immunity to staphylococcal toxins. 10 While most SSSS is attributed to methicillin-sensitive S. aureus, an increase in methicillin-resistant bacteria has also been observed. 11, 12 One study found higher rates of SSSS in rural vs. urban areas, suggesting there may be sociodemographic and/or environmental risk factors for SSSS. 13 Furthermore, previous studies found conflicting or limited evidence of differences of SSSS prevalence by sex and/ or race/ethnicity. [14] [15] [16] However, few studies have examined whether there are sociodemographic factors associated with SSSS. In the present study, we sought to describe the incidence, associations, comorbidities, mortality and financial burden of SSSS in U.S. children.
Patients and methods
The Agency for Healthcare Research and Quality (AHRQ) developed the Nationwide Inpatient Sample (NIS) as part of the Healthcare Cost and Utilization Project (HCUP) to inform decision making at the state, national and community levels. Each year, the NIS contains cross-sectional data on roughly 7 million hospital stays, with sample weights created by NIS that factor in the sampling design of hospitals. All discharges of sampled hospitals are included in the database and all patients are deidentified. The 2008-2012 NIS was analysed in this study, which includes a 20% stratified sample of all hospitalizations in the U.S.A., excluding rehabilitation and long-term acute-care hospitals. This study was approved by the institutional review board at Northwestern University Feinberg School of Medicine.
Staphylococcal scalded skin syndrome and comorbidity identification
Hospital discharges with either a principal or secondary diagnosis of SSSS were identified using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) code 695Á81. The principal diagnosis in NIS was defined as the primary reason for hospital admission. The structure of NIS allows for a single principal diagnosis, up to 24 secondary diagnoses, and no more than 15 procedures associated with each hospitalization to be stored. The control group consisted of all hospitalizations without a diagnosis of SSSS, yielding a cohort representative of hospitalizations in the U.S.A. that excluded newborn deliveries. Comorbidities and procedures were classified by ICD-9-CM codes and were determined by the principal and secondary diagnoses and procedure codes. The diagnoses analysed were chosen based on previously described associations with SSSS or based on hypothesized contribution to hospitalization.
Mortality and loss of function
Crude adjusted inpatient mortality, based on the composition of the population of the U.S.A. from 2008 to 2012, was calculated. Patients who were transferred to another acute-care hospital upon discharge were excluded from mortality rate determination, as such transfers may represent escalation of care. Loss of function and mortality risk were determined by the All Patient Refined Diagnoses Related Group classification, which is based on algorithms performed by software developed by 3M (St Paul, MN, U.S.A.).
Statistical methods
All data processes and statistical analyses were performed using the SURVEY procedures of SAS version 9.4 (SAS Institute Inc., Cary, NC, U.S.A.), allowing for adjustment due to the complex weighting, sample clusters and strata of NIS. The unit of analysis was an individual hospitalization. The weighted incidence of hospitalizations with a diagnosis of SSSS was determined, excluding both adults and patients who were transferred to another hospital. The mean, 95% confidence interval (CI) for mean, SD and sum regarding length of stay (LOS) and costs of care were calculated. Costs of care were adjusted for inflation to the year 2014 according to the consumer price index and were based on the total charge of the hospitalization in combination with the cost-to-charge ratio provided by HCUP.
Several different associations of hospitalization, length of stay and cost of care due to SSSS were examined, including age, sex, year, hospital region, season, race, zip code, income quartile, urban location, insurance status, number of chronic diseases, hospital bed size and hospital type. Survey logistic regression models were constructed with SSSS as the dependent variable and each of the aforementioned covariates as the independent variables. To determine predictors of LOS and cost of care, survey linear regression models were created with each sociodemographic characteristic as the independent variables and log-transformed LOS or cost of care as the dependent variables. Finally, survey linear regression models were performed to determine the prevalence of SSSS in each of the 46 available states, where SSSS was the dependent variable and hospital state was the independent variable.
Associations between each comorbidity and SSSS hospitalization were examined. Row percentage prevalences with 95% CIs were graphed on forest plots through Open Meta Analyst, an open-source application supported by Brown University and the AHRQ. Finally, the top 20 most frequent principal diagnoses in patients with a secondary discharge diagnosis of SSSS were examined.
Results
Incidence of staphylococcal scalded skin syndrome There was considerable state-wide variation in the incidence of SSSS (Fig. 1a) , with the highest rates occurring in the Midwest and southern U.S.A. Moreover, the incidence of SSSS varied by season, with the highest rates occurring in the summer and autumn months (Fig. 1b) .
Associations of staphylococcal scalded skin syndrome
In multivariable survey-weighted logistic regression models, SSSS was significantly associated with multiple sociodemographic factors, including female sex, age, hospital location, season, hospital size and teaching status, but inversely associated with black race, 2nd-quartile household income, public insurance and more chronic conditions. Moreover, in multivariable models, the odds of SSSS significantly increased in the years 2010-2011 and 2012 compared with [2008] [2009] (Table S1 ; see Supporting Information).
Length of stay and cost of care
The mean (95% CI) LOS for patients with vs. without SSSS was 3Á2 (3Á0-3Á4) vs. 2Á4 (2Á4-2Á5) days. The geometric mean (95% CI) cost of hospital care for patients with SSSS was dramatically higher than for those without SSSS (Table S2 ; see Supporting Information).
In multivariable survey-weighted linear regression models, increased LOS was associated with ages 2-5, 6-10 and 11-17 vs. < 2 years, black and multiracial/other race/ethnicity, and multiple chronic conditions (Table S3 ; see Supporting Information). Cost of care was associated with age 11-17 years, multiracial/other race/ethnicity, and multiple chronic conditions.
Hospital course and disposition
Only a small subset of children with SSSS underwent intubation and ventilation (2Á7%), physical therapy (0Á5%), dialysis (0Á2%), skin debridement (1Á7%) or graft (0Á2%) ( Table S4 ; see Supporting Information). Most patients had only minor (54Á0%, 95% CI 49Á5-58Á4%) or moderate (36Á3%, 32Á0-40Á6%) loss of function and only minor mortality risk (90Á4%, 88Á1-92Á7%).
The crude inpatient mortality rate for patients with SSSS (0Á33%, 95% CI 0Á00-0Á79%) was similar to that in those without SSSS (0Á36%, 0Á34-0Á39%). Children with SSSS were most commonly routinely discharged to home or self-care (94Á5%, 92Á5-96Á4%) and less commonly transferred to a short-term hospital (3Á8%, 2Á2-5Á4%) ( Table S4 ).
Comorbidities of staphylococcal scalded skin syndrome
The most common comorbidity found in the cohort of patients with SSSS was any skin infection [15 490 any upper respiratory tract infection, including nasopharyngitis; pharyngitis; epiglottitis; other influenzas; other upper respiratory tract infection; empyema and sepsis; but inversely associated with bronchitis, pneumonia and appendicitis (Table S5 ; see Supporting Information). In multivariable survey logistic regression models of sufficiently powered comorbidities, adjusted for age and sex, SSSS remained significantly associated with all of these covariates. Children with SSSS were found to have these associated comorbidities most commonly during the autumn and summer and less commonly in the spring. In particular, the highest rates occurred during autumn and winter in the southern U.S.A., as well as in the Midwest and southern U.S.A. during the summer. Less commonly, these infections occurred in children with SSSS in the west, Midwest and northeast during spring, as well as in the west and northeast during winter ( Fig. S1 ; see Supporting Information).
Discussion
The present study identified 589 cases of SSSS over the years 2008-2012 with a mean estimated annual incidence of 7Á67 cases per million children. Previous studies found incidences of 0Á09-0Á13 and 0Á56 cases per million persons annually in Germany and France, respectively. 5, 6 However, those studies did not stratify incidence rates by paediatric vs. adult cases per se. In particular, the incidence of SSSS in our study was 45Á1 cases per million infants age < 2 years, which differed considerably from previous estimates of 251Á1 and 696Á4 cases per This upward trend is concerning because the overall incidence of SSSS is thought to have dramatically declined in Europe and other regions over the past couple of centuries with the advent of better hygiene standards. 5 Significant sociodemographic factors that were associated with SSSS in this hospitalized cohort include female sex, age group 2-5 years, and to a lesser extent age 6-10 years, but there was an inverse association with age 11-17 years. The significant difference in age groups compared with patients who were < 2 years old is consistent with a study whose mean age of patient with SSSS was 17Á4 days. 16 However, our results indicate that SSSS is more commonly associated with female than male sex, while other studies have reported that male patients were more commonly affected. 15, 16 Interestingly, black race, 2nd quartile household income, public insurance and more chronic conditions were all inversely associated with SSSS. A previous study also found that white children may be more prone to SSSS than black children. 14 The lower rates and prolonged LOS for SSSS in black children may be due to underdiagnosis and/or delayed diagnosis in darkerskinned infants due to masking of erythema by the pigment. SSSS occurred at the highest rates in the summer and autumn, consistent with previous studies. 16, 19 Some authors have suggested that viral upper respiratory tract infections occurring in autumn may predispose to SSSS in individuals colonized with S. aureus enterotoxin-producing strains. 6 Indeed, we found that SSSS was associated with a multitude of infections of the upper respiratory tract, skin and other organ systems. Previous reports showed infections of the upper respiratory tract, inner ear, conjunctiva and/or umbilical cord, 20 as well as pneumonia, 16 pyomyositis 21 and maternal breast abscesses 22 to precede SSSS.
The adjusted in-hospital mortality of SSSS was low (0Á33%) in the present study, which is consistent with results found in two other studies. 15, 16 However, some studies discovered a mortality rate of 3Á6-11% in children with SSSS. 5, 7, 8, 23 The main causes of death from SSSS were infectious complications such as pneumonia, electrolyte imbalance and sepsis. 24 In addition, cases of SSSS were associated with more than double the costs of a hospitalization without a diagnosis of SSSS (excess geometric mean LOS of 0Á8 days and cost of $2752Á3 per hospitalization). This study has several strengths, including the use of a large, nationally representative sample of U.S. children and their socioeconomic statuses from all states. Data on nearly 6 million hospitalizations were analysed, allowing for identification of over 500 cases of SSSS in the years 2008-2012. SSSS is a severe illness, for which affected individuals are almost invariably hospitalized for management and captured in the NIS. Our study also has some limitations. SSSS and comorbidities were identified by ICD-9-CM codes, and were not verified by chart review. It is possible that milder cases of SSSS were undiagnosed. In addition, we were unable to determine the effectiveness of any treatments as the NIS does not contain data on treatments or medications used during hospitalization. Finally, this was a cross-sectional study, thereby precluding determination of temporality of comorbidities, and direction of association. It is possible that some of the examined comorbidities may have preceded the diagnosis of SSSS while others were a result of underlying SSSS.
In conclusion, SSSS poses a significant healthcare burden, with increased LOS and costs of care per hospitalization, and increasing prevalence over the 2008-2012 study period. Female sex; ages 2-5 and to a lesser extent 6-10 years; and autumn, winter and summer seasons were associated with increased odds of SSSS. Black race, 2nd quartile household income, public insurance and more frequent chronic conditions were all inversely associated with SSSS. In contrast, black and multiracial/other race/ethnicity and multiple chronic conditions were associated with increased LOS and costs of inpatient care due to SSSS. Finally, the adjusted in-hospital mortality of SSSS was low, and largely attributable to infectious complications, such as pneumonia and sepsis. Future studies are needed to confirm these associations and determine
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